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DETERMINATION  OF  PHYSICAL  P.UCAMETERS  OF  VIRAL  AEIlOSOLS 

-  USSR  - 

Li^oXXowing  is  g.  translation  of  rn  article  l)y  A. 

I.  Gromyko,  A.  I.  Danilov  and  G.  Ya.  Vlasenko, 
Institute  of  Virology  imeni  Ivariovskiy,  Academy 
of  Medical  Sciences  USSR,  in  th(  Russian-language 
periodical  Zhuructl  Miltcobiologij  ,  Epidcinio  logii 
i  Iraniunobiologl  I  '(Journal  of  Microbiology,  Epi¬ 
demiology  and  Immunobiology),  I-Uiscow,  No  7,  1956, 
pages  94-97.] 

Communication  II; 

Investigation  of  the  Condition  of  the  Aerosol  Cloud  in  an 
IVK-2  Chamber  and  the  Significance  of  Changes  Observed  for 
the  Dosimetry  of  Aerosol  Infection 

In  Communication  I^  ve  discussed  the  desirability  of 
usiJXg  the  method  of  continuous  ultram  Lcroscopy  for  the  pur¬ 
pose  of  studying  viral  aerosols  and  developing  the  condi¬ 
tions  of  reproduction  of  ii.fections  ia  an  aerosol  chamber. 
It  Mas  demonstrated  that  by  means  of  type  VDK  continuous 
ultraraicroscopy  it  is  possible  to  detsnaine  the  degree  of 
saturation  of  the  ch.imbci-  vn  th  viral  icrosol  and  the  time 
of  clearance  [removal]  of  i.iifcctious  aerosol  after  termi- 
i.atfon  of  the  experlii.cnt .  A  correlation  was  nacie  be- 

:  .ceV  the  data  of  theoretical  calculations  and  \ isual 
-  ..s  efvation . 

'The  purpose  of  the  present  investigation  v^as  to  de¬ 
termine  the  concentratio)!  of  dispersed  substance  in  an 
u..ro3ol  state,  deteroiination  of  th.:,  _crrelution  between  the 


*  fh.  Mikrobiologii  (Journal  of  Micrc biology'.  ,  ]'Jo  6,  l^SG. 


c 


•  .^rrs  in  this  concentration  and  time  of  animals'  contact 
the  viral  aerosol,  determination  of  the  fractional 
cJnnosition  of  aerosols,  calculation  oi  gravimetric  (by 
JUt)  concent  rat  ion  and  determinatiou  of  quantity  of 
aerosol  that  hds  passed  through  an  auinu.l's  respiratory 
Bystem ,^-^he.  methods  of  obtaining  and  noasuring  aerosols 
vere  des^vibed  in  Communication  1. 

Processes,  occur  in  an  aerosol  cl-nid  that  lead  to  a 
decrease  in  hiiffllrer  of  aerosol  particle!!.  There  is  the 
most  significant  decrease  in  concentration  of  the  sub- 


btance  during  the  Xlrsx  few  minutes  in  ohe  aeroscl  s  liie 
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tihereafter  the/concentration  remains  relatively  constant. 


;  Table  1 

Changes  I ja  aerosol  concentration 
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Legend :  ; 

a)  time  interval  c)  background 

(minutes)  d)  mean 

b)  quantify  of  aerosol  e)  after  2k  hours 

particleii  (X  10^)  per 

cubic  centimeter 

Start -a",  at  the  30“'  minute  and  up  to  two  hours  the  numbci 
of  particlca  in  the  aerosol  cloud  decreases  negligibly 
/"'Table  1). 


Previously  (Uolotovs’c ly ,  1959)  it  had  been  es  tab¬ 
lished  that  with  this  method  o.C  spraying,  a  60  minnte 
contact  of  the  animal  with  tha  viral  aeiosol  sufl’iees 
for  it  to  be  infected.  However,  in  order  to  determine  tho 
quantity  of  substance  aspirated  by  the  animal  during  con¬ 
tact,  it  is  important  to  know  the  quantity  of  particles 
and  wc.ght  concentration  of  the  aerosol  .n  the  chamocr 
for  tJie  duration  of  the  contact  period. 

The  methods  used  previously  (Dolo tovshiy  1959)  for 
calculation  of  substances  thn.1  settled  In  tlic  anlnals' 
respiratory  tract  did  not  tal.c  into  consideration  the 
changes  in  concentration  rtilui  ed  to  differout  forces  act¬ 
ing  upon  the  aerosol  particl«ji;  (precipitation,  Brownian 
movement,  coagulation,  etc.).  It  seemed  of  intercsst  to 
check  these  calculations  by  visual  methods. 

For  this  purpose  we  male  a  study  of  the  fra'jtional 
compesition  of  the  aerosol  aad  changes  in  it  in  tie 
course  of  contact.  Determination  of  xhe  dispersive  com¬ 
position  is  also  important  in  order  to  evaluate  the  site 
of  ■ai)plication  .of  the  viral  aerosol  in  the  animal's  respi¬ 
ratory  organs.  Thus,  in  exxcriments  oi  rabbits  (Buckland 
et  al,  1950)  it  was  established  that  uion  inhalation  of 
the  aerosol  ,the  particles  of  which  had  a  radius  neasuring 
0.5  iJL  [microns],  295o  of  tliet.c-  particles  settled  in  the 
nasopharyn.x,  13  to  19!^>  in  tin:  trachea,  and  51  to  5Sre  in 
the  alveoli;  with  a  radius  of  2  p,  65/i'  of  the  particles 
settled  in  the  nasopharynx,  and  up  to  96^  with  a  radius 
measuring  k  p. 

Experiments  on  mice  (Shoshlces,  1  950)  revealed  that 
settling  of  the  aerosol  in  t.ie  bronchi.,  broncnioles  and 
alveoli  w'as  related  to  parvicle  size  ..n  the  following 
manner;  at  a  radius  of  0.2  to  0.62  p  26  and  respective¬ 

ly,  ^settled  in  these  areas,  at  a  radius  of  1.05  to  1.T6  p, 

55  i^d  38fo,  and  at  a  radius  of  l.d6  io  1.B8  p  --  43  and 
155c.  Thus,  the  smaller  the  particles  of  the  izibaleu  aero¬ 
sol,  the  deeper  and. more  extensive  tha  injuries  to  the  lungs. 

Previously  (BolotoAskiy ,  1959)  the  concentration  of 
aerosol  in  the  chamber  was  (•alcuiutcd'' on  the  basis  of  data 
about  the  dispersion  coiajzou i.tion  and  the  output  of  the 
atomizer  and  quantity  of  viral  substance  sprayed  in  a  cer¬ 
tain  quantity.  Ihowever,  a  uomparisor  of  the  fractional 
oorrposition  of  the  aerosol  at  the  ouiput  of  the  atomizer 
(Ta.ble  2)  and  in  the  ebamber  (Table  ')  revealed  significant 
differences.  There  were  also  differences  in  the  absolute 
r.uDiber  of  particles  of  different  siz.'S  (fable  4). 

In  order  to  calculate  the  woight-rcla t.od  concentra¬ 
tion  of  substance  we  considered  the  of  one  aeroucl  - 

particle  to  equal  its  voline;  slr.co  ih^  ..:x..lty  Is  close 
to  one,  by  multiplying  the:  volume  of  porticles  by 

their  number  per  unit  of  '  olume,  we  obtai.ncv*  tl.e  concen- 


'cratlon  vclght^.(Tcbl6  5).  Thus,  IciiowUi'g  tho  aoioEol  con 
ccniratlcn  weifebt  and  Its  dispersive  oumposltlor.  it  is 
possible  to  e-ya'luato  the  quantity -of  lauterial  tKat  reached 
tho  animal's  I'ejsp.iratory  organs  after  a  given  period  of 
exposure  toi'tl«i.;oeroioi  at  any  tljoe  after  termination  of 
spraying*  .  ! 
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Table  2 

aerosol  particles  at  tho  output 
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distance  from  nozzle  (in  centimeters) 
dlapersiVenees  (in  %)  with  fr2vctionai  composition  of 
partiolet  of  the  following  dinmoters  (in  microns) 


'  '  i/  V.  •  V  '  'Table  3 

FractlO;tial.  corapoeltion  of  aoroaol  in  the 


chaobe?*^,.  upon  termination  of  apruying 
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Legend:  ;  .  ’  .  .. 

0.)  diameter  of  aerosol  particles  (in  microns) 
b)  percenti.go  .of  particles  after 
i  u)  ...  mim(tea.  • 


To  calculate  the  dose  of  viral  aerosol  i;:haled  by 
the  animal  wo.  used  the  equation:  D  s  C  •  V  •  ?  •  t,  where 
C  is  the  oonoontration  of  substance  in  the  acracoi  in 
grans  per  millil.iter;  V  is  the  respiratory  vol  ;;..e  of  the 
animal  in  mill^itera  per  minute;  P  is  the  aaiaai  j  weight 
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in  ;  t  is  the'  t;  !  a  ol  contact  of  oho  aniaal  with  the 

aeroiiol . 
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j:  aerosol  olouU  in  the  chatuber  witi  different 
exposure  timus 
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a)  tiEe  after  termination  of  sprayirg  (minutes ) 
“',''"h)'"quantity' of'  particles  (  X  10^‘)  p(  r  cubic 
•  'centimeter  with  a  radiui  of  (in  microns) 
o)  total  quantity  (X  10^)  oer  cubic  centimeter 

uiur.-  ■  -..w  . 


KoJiH»ecT»i  stcTHU  (y  10*)  ,  u 

■  1  fA*  e  ,i>A»ycoy  (I  MK)Ju, 

i 

\ 

0.& 

1,0 

1.6 

oSi 

2  ci; 

CS..1 

7.3 

4,3S  75 

1  7.60 

£1.2 

3,S‘. 

1.23  .  64 

j  6> ! 

;i,v5 

1  iSO 

1,22  6! 

1  o.c; 

■•i.o 

2.04 

-  51 

,  2. O'. 

M  .(  3 

2. Co 

-  !  37 

0,j 

:c.j 

“  1  - 

Table  5 

Ciavlaetrlc  (weight)  concentration  cf  viral 
material  in  the  aerosol  cloud  at  difi’efent 
times  after  termination  of  spraying 
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Legend : 

a)  time  after  torminatlou  of  spraylag  (in  mini.tes) 

b)  gravimetric  concentration  (in  mlliigrams  ptr 
cubic  meter)  with  particles  with  a  radius  oi  (in 
microns ) 

c)  total  quantity  of  subsi-ance  (in  milligrams  per 

cubic'  moter) 


Tlius  Tk'o  ‘Obtained  data  oa  the  qii^'ntity  of  viral  aero¬ 
sol  inhaled  by  the  moue  following  different  periods  of 
contact  as  well  as  on  the  total  dosage  for  the  entire  con¬ 
tact  period.  Thus,  with  contact  for  one  to  five  minutes, 
0.1  rag  [niili/*ramsj  of  substance  was  absorbed,  when  the 
contact  laste*!  5  to  10  minutes  0.06  mg  was  absorbed,  after 
20  to  30  minuies  0.009  nig  was  absorbed,  after  30  to  ^:5 
minutes  the  quantity  absorbed  equalled  0.1  ;r.g,  and  after 


45  to  60  miitutc  contact  0.09  mg 


absorbed . 


As  observed  by  several  authors  (Snurnyy  e t  al ,  1964) 
at  present  tlierc  are.  no  methods  that  ^.ould  permit  dccer- 
minaticn  with 'absolute  accuracy  the  concentration  of  sub¬ 
stance  contained, in  an  aerosol  state.  Each  of  the  mochods 
currently  in.  tisc  induces  more  or  less  significant  disturb¬ 
ances  in  tho  conuiti-on  of  the  i.arosol  cloud.  In  the  case 
.  of  optical  methods  there  is  luinimal  oistui'bance  of  stabi¬ 
lity  of  the  aerosol  cloud.,  IIo;/Gvcr,  the  possibility  of 
'error  is  also  related  to  the  individual  ability  of  the  eye 
to  distinguish  ’’bursts"  from  particles  of  small  size. 

;  Therefore  it  is  definitely  of  interest  to  explore  tho 
possibility  of  using  automatic  cotiouters  to  calculate  the- 
concentration  .of  particles  (Deryagin  ond  Vlassnco,  1959; 

.  Kiktenlco  et  at,,  1961,  and  19^2;  Thomas  and  Colliis,  1962). 

■  .Using  the  system  of  .continuous  ultraaiicroscopy ,  with  a 
photocloctronio  device  it  is  possible  to  automate  the 

C;;alcuIation  of  aerosol  particles;  in  contrast  t>  continu- 
;u3  ul tramicrosoopy ,  the  recording;  of  "bursts"  cf  light 
occurring  when  the  particles  fly  through  a  brightly  lit 
zone  is  perfo.rmod  by'  moans  of  an  elec  tron  photo  r.ultiplicr. 
Apparently  this  is  a  very  promising;  method  for  iosimetry 
of  aorosol  lufeotion  and  immunization,  since  this  involves 
the  recording  of  light  from  tho  bursts  of  particles,  and 
not  only  the  iiize  but  even  the  shape  of  the  particles  can 
be  evaluated  from  the  oscillogram. 

Conclusions 


1.  By  means  of  a  typo  VDIv  continuous  ult 
it  has  been  demonstrated  that  there  wos  a  const 
in  C'jncc.itration  and  fractional  cotipos ition  of 
an  aerosol  cloud  created  in  a  ntatj.c  charaber  fo 
spr^y_ng  of  materiel  containing  vii'Ui  ;  the  calc 
ccn..r-.ti^n  dcoreast-u  significantly  during  the  f 
20  m....'.uteo,  then  remained  relatively  stable  for 
hours  . 

2.  The  measurements  jjerformed  permitted 
of  the  dosage  . of  viral  aerosol  inhaltid  by  the  a 
during  various  periods  of  contact. 
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